The FIXL and FIXJ proteins of Rhizobium meliloti belong to the family of two-component regulatory systems in bacteria (5) , whose members play a prominent role in signal transduction (2, 22) . Under appropriate physiological conditions one protein of each pair, known as the sensor, activates by phosphorylation the other protein, known as the regulator (2, 22) . Many of the regulator proteins, including FIXJ (8, 11), are transcriptional activators.
Both regulator and sensor proteins seem to originate from the juxtaposition of two modules (2, 15) . Regulator proteins share an amino-terminal module which, as documented in several instances, carries the site of phosphorylation for the cognate kinase (10, 12, 14, 19) . This module controls the function of the carboxy-terminal module which, as noted above, often activates transcription (2, 11) .
Homologies in the carboxy-terminal module of the regulators allow six different subclasses to be defined (2) . The three main subclasses are the NTRC subclass, the OMPR subclass, and the FIXJ subclass, which includes NARL, RCSB, and UHPA of Escherichia coli, COMA and DEGU of Bacillus subtilis, NODW of Bradyrhizobium japonicum, and BVGA of Bordetella pertussis (for an update, see reference 11). Proteins of the NTRC subclass activate transcription by a holoenzyme form of RNA polymerase that carries the alternative sigma factor a54 (9, 16 (1) and that phosphorylated OMPR may assist a" holoenzyme in recognizing weak promoters (23) . The mechanism by which members of the FIXJ subclass activate transcription is unknown.
FixJ activates transcription of the nitrogen fixation regulatory genes nifA and fixK in R. meliloti (3, 5) . Under microaerobic conditions and in the plant nodule, activation by FIXJ depends on the cognate sensor protein FIXL (5, 6), which is a hemoprotein kinase (7). However, when FIXJ is overexpressed in E. coli, FIXL is not required for activation of nifA orfixK, and in this case activation does not require low oxygen tension (6, 8) . Inspection of the nifA and fixK promoter regions did not reveal any obvious upstream sequence to which FIXJ might bind, nor did it reveal a consensus sequence for c70 holoenzyme or alternative holoenzyme forms of RNA polymerase (3) (Fig. 1) .
We (20) . Assays were initiated with the S30 extract and were conducted in a final volume of 50 ,ul. After 90 min of incubation at 37°C with vigorous shaking, ,B-galactosidase activity was measured as described by Miller (17) constitutive lacUVS promoter in plasmid pRS229 (21), which is also derived from pMC1403, was high (100 U). Increasing amounts of extracts containing FIXJ enhanced expression from the fixK promoter by up to 3,000-fold (Fig. 2) . Four lines of evidence indicated that the stimulatory effects of these extracts were due to FIXJ. (i) The stimulatory effect was specific for fixK, since the extract did not stimulate expression of lacUV5 (Fig. 2). (ii) The stimulatory effect was strictly dependent upon induction of fixJ expression with IPTG. (iii) A mutant form of FIXJ carrying a lesion in the putative DNA-binding domain (R171A15) (11), which was inactive in vivo, was also inactive in vitro (0.1 U of activity at 10 ,ul of extract) but had no inhibitory effect on lacUV5 expression. (iv) Activity copurified with FIXJ protein through several steps (data not shown).
Although direct evidence for binding of FIXJ to its target promoter regions is missing, the lack of activity of the mutant protein FIXJR171A15, which is mutated in the predicted recognition helix of the DNA-binding motif (11), suggests that DNA binding is necessary components except DNA template with antibody for 45 min on ice. Then we sta DNA templates and incubated for the usua Preincubation of the assay mix with the ai dramatic decrease in fixK expression as v lacUV5 (Fig. 4A) . By 
